Homogeneous charge compression ignition (HCCI) combustion, when applied to a gasoline engine, offers the potential for a noticeable improvement in fuel economy and dramatic reductions in NOx emissions. In this study, Computational Fluid Dynamic (CFD) is used coupled with detailed chemical mechanism (38 species and 69 reactions) for simulation of HCCI combustion of iso-octane and transitional flow inside the combustion chamber of a 2-stroke engine. Results show that increasing the overall gas temperature significantly advances the HCCI combustion timing. Concerning the equivalence ratio, by increasing it the ignition timing has been advanced and the maximum cylinder pressure has been increased. When equivalence ratio increases to more than 0.5 , NOx emissions significantly increases and go beyond 1000 [ppm].
Introduction
Over the last decade, an alternative combustion technology, commonly known as homogeneous charge compression ignition (HCCI), has emerged that has the potential to decrease emissions and fuel consumption in transportation [1] . An engine concept capable of combining the efficiency of a diesel engine with the emissions levels of an Otto engine is the Homogeneous Charge Compression Ignition (HCCI) engine [2] . HCCI engines run well on lean fuel /air mixture, which lead to lower combustion temperatures favoring low NOx emissions and good thermal efficiency. Due the fuel/air mixture is premixed there are no locally fuel-rich regions that are conducive to soot formation. Lots of research works were performed during 1970s by Souk Hong Jo and his colleagues to study the part load lean 2-stroke combustion [3] . They discovered that the irregularities of the combustion and the auto-ignition which were considered as the weak points of the 2-stroke engine could be effectively controlled. This period was successfully concluded by the work he published with his colleague Onishi who managed to get a part load stable 2-stroke combustion process for lean mixtures in which ignition occurs without spark assistance [4] .
Another paper concerning 2-stroke auto-ignition was published in 1979 by Noguchi [5] . He concluded that HCCI combustion occurred similarly without flame front while showing great efficiency and emissions figures. They were the first to suggest that active radicals in residual gases could play an important role in the auto-ignition process. During the second half of the 1980s, Duret tried to apply Onishi's work to DI 2-stroke engine [6] . The first application of HCCI auto-ignition with direct fuel injection engine was then described in 1990 [7] . This research work was further developed until the mid-1990s and the interest of using transfer port throttling to even better control the degree of mixing between the fresh charge and the hot and reactive residual gas was demonstrated [8] . The lack of data in the field of HCCI 2-stroke engines is more significant in compare with 4-stroke engines because HCCI studies are more concentrated on 4-stroke engines. Also studies done in 2-stroke HCCI engines have commonly based on high Compression Ratios engines. So in this study effects of some parameters on ignition timing and emissions of HCCI combustion are investigated in a "low CR 2-stroke engine" to improve the HCCI knowledge in this area.
Methodology
Numerical Method. For simulation of HCCI combustion and transitional flow inside the combustion chamber, Computational Fluid dynamic (CFD) method is used coupled with detailed chemical mechanism. Commercial CFD solver ANSYS-FLUENT 13 is used for solving the governing equations (Continuity, Momentum, Energy, Turbulence and chemical kinetics). Simulations are carried out for a single cylinder 2-stroke gasoline engine that supposed to run in HCCI mode by using iso-octane as fuel. The engine compression ratio is 9.25 and its displacement is 110 [cm 3 ] while the bore and stroke are same and equal to 52 [mm] . For chemical simulation of iso-octane oxidation, a skeletal mechanism including 38 species and 69 reactions is used [9] . This model can predict satisfactorily ignition timing, burn rate and the emissions of HC, CO and NOx for HCCI multi-dimensional modeling and is coupled to CFD solver by using species model. ISAT algorithm is used for chemistry calculations. This algorithm is a powerful tool that enables realistic chemistry to be incorporated in multidimensional flow simulations by accelerating the chemistry calculations [10] . K-epsilon RNG model is selected as the turbulence model for solving this problem and other equations such as continuity, momentum and energy equations are calculated by using pressure based solver. Fig. 1 , the geometry contains one exhaust port and five intake ports that are connected to the combustion chamber by using slide interfaces, and by motion of the piston these ports will be disconnected and connected again. The meshed domain is a fully structured mesh that contains around 70,000 cells. The maximum skewness of this mesh is 0.77 and its maximum aspect ratio is 11.8 that are completely acceptable. Dynamic mesh is used for modeling piston motion with a time scale of 0.5 crank angel. The engine is assumed to run in the speed of 6000 (rpm), intake pressure of 35,000 (Pa) and exhaust pressure of 25,000 (Pa). Also temperature of cylinder, cylinder head and piston are considered to be 500 (˚K). 
Meshed Domain and Boundary Conditions. As shown in
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Validation. Dec and Sjoberg have carried out a series of experiments on HCCI combustion by using iso-octane as fuel [11] . Their experimental data are used for validation of numerical method and profiles of pressure and emissions are compared between model and experiment. The profiles of cylinder pressure and emissions for various equivalence ratios at a compression ratio of 18, engine speed of 1200 [rpm], and initial pressure of 120 [kPa] at 205 [CA] are demonstrated in Fig. 2 and Fig. 3 for both numerical method and experiment [11] . The initial temperature for model and experiment has been set at 413 [˚K] and the heat transfer of cylinder, piston and cylinder head with in-cylinder gases is considered in the numerical method. As shown in these figures, good levels of agreement are obtained for both pressure traces and emissions at various equivalence ratios. 
Effects of Intake Temperature on HCCI Ignition Timing and Emissions of 2-stroke Engine.
In 2-stroke HCCI engine, situation of combustion always depends on situation of previous cycle because of residual gases trapped in the combustions chamber. So the temperature of residual gases affects on the combustion and can advance or retard the ignition timing. Also the in-cylinder pressure of previous cycle affects on the transitional flow of 2-stroke engine and so the amount of residual gases can be different. For decreasing the inaccuracies caused by prediction of initial conditions, the simulations have been done for three continuing cycles and results of third cycle are presented in all of this study. Simulations are carried out at the engine speed of 6000 [rpm] and the intake equivalence ratio of 0.5 to see the effects of intake temperature on HCCI ignition timing and emissions. As shown in Fig. 4 , increasing the overall gas temperature significantly advances the HCCI combustion timing. In temperature of 575 [˚K], the ignition is so advanced and the combustion is not so efficient but by decreasing the temperature the ignition would be retarded. Also by decreasing the intake temperature the maximum pressure of cylinder decreases but at the intake temperature of 525 [˚K] the ignition timing would be so retarded that causes some misfiring. As shown in Fig. 5, by 
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Mechanical & Manufacturing Engineering decreasing the temperature and retarding the ignition timing, the NOx emissions has decreased but CO and HC emissions have increased. This adverse performance of CO and NOx emissions is the main difficulty of controlling the emissions because by reducing one of them, another one increases. Also as demonstrated in this figure, the trend of emissions at intake temperature of 525 [˚K] has changed and NOx emission has suddenly increased because of some misfiring occurred in this point that mentioned before. 
Effects of Equivalence Ratio on HCCI Ignition Timing and Emissions of 2-stroke Engine.
Simulations have been done for three continuing cycle at the engine speed of 6000 [rpm] and intake temperature of 550 [˚K] . Results of cylinder pressure are presented in Fig. 6 for various intake equivalence ratios. As demonstrated in this figure, by increasing the equivalence ratio, the ignition timing has been advanced and the maximum cylinder pressure has increased. When the equivalence ratio increases, the density of fuel increases and it can advance the ignition timing and increase the peak pressure, but in 2-stroke engine another phenomenon occurs that causes more advancing of ignition timing. By increasing the equivalence ratio, temperature of residual gases significantly increases, also the average in-cylinder pressure increases that leads to trap more residual gases. So more residual gases with higher temperature come in the next cycle and so more advancing occurs. Effects of equivalence ratio on CO, NOx and HC emissions are shown in Fig. 7 . As shown in this figure, when equivalence ratio increases to more than 0.5, NOx emissions significantly increases and go beyond 1000 [ppm] because of increasing in gas temperature. Totally by increasing the equivalence ratio the NOx emissions have increased but CO and HC emissions have decreases but variation of CO and HC emissions are so smoother in compare with NOx emissions. Fig.7 : CO, NOx and HC emissions for various equivalence ratios.
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Conclusion
HCCI is an alternative combustion technology that has the potential to decrease emissions and fuel consumption in transportation. For simulation of HCCI combustion and transitional flow inside the combustion chamber, CFD is used coupled with detailed chemical mechanism (including 38 species and 69 reactions). Simulations are carried out for a single cylinder 2-stroke engine that supposed to run in HCCI mode by using iso-octane as fuel. Results show that by 50º K increasing the overall gas temperature, HCCI combustion timing can be advanced up to 20º crank angel. Concerning emissions, by decreasing the intake temperature and retarding the ignition timing, the NOx emissions have decreased but CO and HC emissions have increased. Concerning the equivalence ratio, by increasing it from 0.4 to 0.65 the ignition timing has been advanced up to 15º crank angel and the maximum cylinder pressure has increased. Totally by increasing the equivalence ratio the NOx emissions have increased but CO and HC emissions have decreases but variation of CO and HC emissions are smoother in compare with NOx emissions.
